INTRODUCTION

This paper focuses on the business case for the consumer portal demand response functions. Many different functions have been identified for the consumer portal (advanced meter reading, load monitoring and control, equipment diagnostics, outage detection and notification, theft detection, power quality services, etc.) but flexible pricing and demand response applications are seen as the dominant applications from a business case point of view.
The functions enabled by the consumer portal will facilitate more efficient operation of the energy market by allowing consumers to influence the market through demand response and load control. Applications such as real-time pricing have been implemented on a trial basis in the past but they have been hampered by the availability of a widespread communications interface to virtually all consumers that can facilitate full implementation of the system and realization of the benefits.
Example cases from EdF (France) and the California demand response initiative are used to evaluate the business case for a standardized consumer portal interface. EdF is developing a new metering specification that will include advanced communications functionality that can be used to implement load control and flexible pricing. The State of California is in the process of an Advanced Metering
Initiative that is evaluating consumer response to flexible pricing for demand control.
CONSUMER PORTAL APPLICATIONS
There are numerous applications that are enabled by the consumer portal. These have been documented in previous reports [1] , including summaries of previous implementations of these functions in the marketplace. Failures of many energy service offerings in the past is part of the evidence that a standardized gateway technology is needed to facilitate widespread implementation of many of these functions. Example applications are illustrated in Figure 1 . Note that many consumer portal applications are already implemented in the industry. The advantage of the consumer portal is more widespread implementation with more advanced capabilities that allow significant new economies and improvements in overall system performance to be realized. For example, advanced meter reading (AMR) systems are deployed now but these systems are typically not able to integrate advanced features such as power quality performance assessment, equipment diagnostics, etc. Bandwidth and technology limitations will be overcome by the consumer portal approach to facilitate these advanced features.
CONCEPT OF A CONSUMER PORTAL
A consumer portal is envisioned as a communications gateway between the electric utility (and other utilities as well) and the consumer that can facilitate a variety of energy service functions and may be integrated with non-energy service applications. The concept is shown in Figure 1 . Figure 2 . Examples of applications that are facilitated by the consumer portal.
These applications do not include numerous non-energy related services that can be provided along with the consumer portal. It is very likely that the energy service functions will be offered on top of technology that is deployed for the nonenergy related services. This becomes a key requirement for the consumer portal -it must be based on industry standard protocols and technologies that will be deployed for nonenergy related services.
LESSONS LEARNED FROM PREVIOUS ENERGY SERVICE OFFERINGS
Previous energy service offerings provide excellent background and lessons learned for future development and implementation of the consumer portal. Important lessons learned include the following: o The technology exists -no breakthroughs are required for the consumer portal functions to be implemented on a wide scale. o Infrastructure cost is high -existing market structures may make it very difficult for the investors to recover the cost of the system investment. o The technology is changing quickly -there is a difficulty in isolating the system from technology change which can result in early system obsolescence, stranded assets, and the need for upgrades requiring large investments. o End users are unwilling to pay for limited set of services -the services must be implemented in a way that requires very little consumer participation but still provides significant benefits. o Benefits from some services (demand response) are societal benefits and no structure has been implemented for paying for the services and then sharing in the benefits. The benefits to society can be substantial and government/regulatory agencies are considering widespread implementation options. o Lack of standardization has resulted in an inability to achieve required economies of scale.
Two conclusions are developed from previous and ongoing industry experience, as well as recent technology developments:
1. The consumer portal must be built around industry standard architectures and protocols (e.g. TCP/IP, Ethernet). The energy service functions will be developed on top of non-energy related services and systems, such as broadband internet access over power line carrier, wireless, cable, or DSL. They must take advantage of the tremendous investment in these standardized systems. This is in addition to supporting critical legacy systems and technologies.
2.
Demand response applications are likely to be the initial driver for energy service functions. Market studies show that the other applications will not drive the technology on their own. However, implementation of the consumer portal technology on top of standard protocols and architectures will provide the basis for a wide range of additional functions at relatively low cost.
CALIFORNIA EXAMPLE
An analysis was performed of the possible benefits and costs of widespread implementation of consumer portal technology in California [2] . The analysis was performed at the societal level without consideration of which segments of the society would actually incur the costs or realize the benefits of the implementation. The analysis was performed using a discount rate of 15% for the net present value analysis.
Consumer Portal Technologies and Costs
The analysis requires a number of assumptions regarding the cost of widespread implementation of consumer portal technology.
One overriding assumption is that implementing a widespread consumer portal network will not require the complete parallel installation of an associated 'fully dedicated' communication network. In other words, the consumer portal network can take advantage of existing and planned communication infrastructures. The demand and implementation for these communication infrastructures will be driven by other services (phone, internet, entertainment, etc.) and it will be possible to add consumer portal functionality requirements to this infrastructure for relatively low incremental costs (the infrastructure capital costs is assumed to be in the range of 25-50% of the direct installed cost of each consumer portal).
The system-wide costs of consumer portal implementation will depend on the penetration level in the different types of consumers. Three categories of consumers are identifiedresidential, medium-sized commercial, and large commercial and industrial. California has approximately 1 million businesses of which only 7,000 are consumers with more than 500,000 kw demand. There are about 10 million residential customers in California and it is assumed that approximately 10% of these can be considered to be the most likely targets for initial application of the consumer portal technology (e.g. demand exceeding 10 kw). These volume estimates are the basis of the overall cost estimates for portal implementation.
Estimates of costs to implement consumer portal technology on a wide scale in California are provided in Table 1 . The cost assumptions assume broad implementation (distribute infrastructure costs across a large number of applications) and
integration with a communication infrastructure that serves other functions. Implementation of the consumer technologies that take advantage of the consumer portal functionality is not included as these would be implemented by equipment vendors directly. 
Consumer Portal Benefits
The investment in a consumer portal must be justified based on the increased value that can be realized as a result of the technology.
There are a number of energy-related applications and services that are enabled or improved by the consumer portal. The value proposition is based on these applications [3] .
Connection and response to market prices for energy.
Effective demand response implementation requires the consumer portal functionality. Metering alone does not allow consumers to respond to prices that vary hourly or more frequently. The functions of communicating market pricing to consumer-owned energy management technologies (e.g. smart thermostat) will close the gap between consumers and market pricing for electricity. This has the potential to result in significant reductions to overall price fluctuations and total energy costs. Figure 3 illustrates the range of wholesale prices in California in the year 2000. A trial in California [4] has shown that demand response could have a dramatic effect on the overall system demand. Figure 4 gives an example of the response of air conditioning load to a price signal during a flexible pricing experiment. 2. Electric infrastructure "avoided costs" benefits.
There are significant system benefits to being able to influence system demand at the load level. The system must be designed to handle the maximum load levels. Transmission and distribution capital improvements are planned based on the expected growth in demand. Demand control can result in significant savings through delaying or eliminating capital investments that are related to demand peaks. Recent studies have shown price elasticities (% change in demand compared to a % change in the price) in the range of -0.1 to -0.3. These demonstrated consumer elasticities imply that if pricing signals were approximately doubled, the demand would decrease by approximately 10-30%. A 5-10% savings in incremental capacity investments would be in the range of $0.6-1.5B per year for California alone. 3. Other energy delivery system benefits.
The information made available through the consumer portal can enhance the performance of the entire delivery system. This information will support real time state estimation, voltage and reactive power management, power quality management, and integration of distributed resources. The consumer portal allows consumers to be an integral part of overall system automation, resulting in substantial loss improvement, power quality improvement, reliability improvement, and efficiencies of system operation. 4. Energy efficiency. Consumer energy efficiency can be enhanced by enabling appliance and equipment monitoring, automatic control, and notification of problem conditions. 5. Advanced energy services. New energy services that are enabled through the consumer portal include remote equipment diagnostics, interfaces with building energy management systems, remote energy use monitoring and control, and other functions that have not even been defined yet. 
Cost Benefit Assessment Results
The total benefit (net present value) associated with the consumer portal implementation can be put in terms of value per Consumer Portal (i.e. device) or on a total statewide basis (e.g. California). Figure 5 illustrates the projected benefits (and some incremental costs) on a systemwide basis (California) based on a 5-20 year assessment with a 15% discount rate. The result is a statewide net present value benefit of almost $15B, or $12,000 per device over this
It is important to bear in mind that this figure is the 'excess' value of the investment to society after the investing entity owner has earned a return on equity of 15%! This excess essentially represents additional 'societal value' that is then available to be 'split' amongst the appropriate parties. Naturally, some of this 'societal value' is effectively passed on to customers in the form of the value of more reliable, stable, and available power while other contributions could be directly passed on to customers in the form of provisional discounts when/if the savings are realized. What this really means is that regulators have considerable latitude in providing customers or society in general a negotiated portion of the 'total value'. EdF is participating with the Intelligrid Consortium in the development of standards and technology for the consumer portal functions. Specific projects within EdF that coordinate with these efforts include:
-$3,000 -$2,000 -$1,000 $0 $1,000 $2,000 $3,000 $4,000 $5,000 $6,000 $7,000 It is clear that the development of common information models (object models) for information exchange is needed for the widescale deployment of consumer portal functions, especially demand response based on real-time pricing. Existing systems provide a starting point for these definitions and implementations:
Edf has developed a vision for the consumer portal concept as it applies to both intelligent buildings and residential customers. A mockup ( Figure 6 ) illustrating the integration of consumer portal functions with a smart meter was developed for the IntelliGrid consortium. Important functions include:
o In the UK, the Fast Reserve Service is in place since 2001 so that National Grid, the System Operator, can use load shedding to help balance and support the transmission system. The complete process, from the system operator to the customer load, provides an example of information exchanges that apply to consumer portal requirements. This is an example of a competitive market application. These benefits are the basis of continuing work on an IP meter at EdF and this work is being coordinated with Intelligrid to help demonstrate the consumer portal functions. CONCLUSIONS Roadblocks to widespread demand response applications involving the market structure are being overcome and utilities are becoming involved with extensive communication service offerings, such as broadband power line applications. Standardizing the energy service functions that are offered on these platforms is critical to their long-term success and viability. The value proposition for standardized consumer portal functions clearly justifies system-wide implementation.
FACILITATING CONSUMER PORTAL TECHNOLOGY DEVELOPMENT
The Intelligrid Consortium is supporting technology development through standards development, information sharing between the industry and suppliers, and support of field trials to demonstrate the advantages of important technologies. The consumer portal builds on the overall Intelligrid Architecture [5] that is also being coordinated with IEC standards for architectures [6] . Figure 7 illustrates the general flow of development and the role of standards in supporting large scale implementation of consumer portal technologies. Figure 8 illustrates the diverse input that is required and the coordination with demonstrations to assure that technology development can be widely applied.
